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(57) ABSTRACT

A platelet aggregation measuring method comprising: pre-
paring a measurement sample which contains a sample and a
reagent which includes a platelet activator; mixing the mea-
surement sample at a first speed; mixing the measurement
sample at a second speed which is greater than the first speed
after mixing the sample at the first speed; obtaining optical
information from the measurement sample while mixing the
measurement sample at the second speed; and analyzing
aggregation of platelets in the sample based on the optical
information is disclosed. A platelet aggregation measuring
apparatus is also disclosed.
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1
PLATELET AGGREGATION MEASURING
METHOD AND PLATELET AGGREGATION
MEASURING APPARATUS

FIELD OF THE INVENTION

The present invention relates to a platelet aggregation mea-
surement method and a platelet aggregation measuring appa-
ratus, and specifically relates to a platelet aggregation mea-
suring method provided with a step of mixing a measurement
sample, and a platelet aggregation measuring apparatus pro-
vided with a mixing section to mix a measurement sample.

BACKGROUND

Platelet aggregation examination has been known as a test
for evaluating platelet function. In a platelet aggregation
examination, platelets are caused to aggregate by adding an
activator to the platelets to induce the platelets to aggregate,
and platelet aggregation is evaluated by monitoring the
change in the level aggregation over the course of the platelet
aggregation reaction. Platelet aggregation is also knownto be
promoted by shearing stress on the platelets in the blood
stream. Methods which measure platelet aggregation by mix-
ing a measurement sample in order to promote platelet aggre-
gation by adding a shearing stress on the platelets are known
(for example, refer to U.S. Pat. No. 6,773,923).

U.S. Pat. No. 6,773,923 discloses a method of measuring
platelet aggregation in which a first reaction phase is con-
ducted during which a measurement sample that has been
prepared from a sample and reagent is reacted by mixing at a
predetermined speed, and thereafter platelet aggregation is
measured during a second reaction phase during which the
measurement sample is mixed at a speed that is lower than the
predetermined speed, or not mixed at all.

The measurement sample is generally prepared by dispens-
ing a sample and a reagent into a predetermined container.
The prepared measurement sample is in a state in which the
sample and reagent are not uniformly mixed in the measure-
ment sample until the measurement sample is subjected to
agitation. Although not clearly stated in U.S. Pat. No. 6,773,
923, it is believed that measurement samples are in a state in
which the sample and reagent are not uniformly mixed when
the measurement sample is subjected to mixing in the first
reaction phase in U.S. Pat. No. 6,773,923.

When a reaction (aggregation) is produced by mixing a
sample and a reagent of a measurement sample in a state in
which the sample and reagent are not uniformly mixed, local-
ized reactions disadvantageously begin between the sample
and the reagent when mixing starts. Since the extent of the
reaction (aggregation) caused by such localized reactions
differs depending on the conditions under which the sample
and the reagent are mixed, fluctuations of the measurement
results are produced due to the change over time in the aggre-
gationreaction. The problem of unstable measurement results
therefore occurs with such measurement methods.

SUMMARY OF THE INVENTION

The scope of the present invention is defined solely by the
appended claims, and is not affected to any degree by the
statements within this summary.

A first aspect of the present invention is a platelet aggre-
gation measuring method comprising: preparing a measure-
ment sample which contains a sample and a reagent which
includes a platelet activator; mixing the measurement sample
at a first speed; mixing the measurement sample at a second
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speed which is greater than the first speed after mixing the
sample at the first speed; obtaining optical information from
the measurement sample while mixing the measurement
sample at the second speed; and analyzing aggregation of
platelets in the sample based on the optical information.

A second aspect of the present invention is a platelet aggre-
gation measuring apparatus comprising: a measurement
sample preparing section for preparing a sample and a reagent
which includes a platelet activator; a mixing section for mix-
ing the measurement sample prepared by the measurement
sample preparing section; a control section for controlling the
mixing section so as to mix the measurement sample at a first
speed, and mix the measurement sample at a second speed
that is greater than the first speed after mixing at the first
speed; an optical information obtaining section for obtaining
optical information from the measurement sample while the
mixing section is mixing the measurement sample at the
second speed; and an analyzing section for analyzing aggre-
gation of platelets in the sample based on the optical infor-
mation.

A third aspect of the present invention is a platelet aggre-
gation measuring apparatus comprising: a first dispensing
section for dispensing a sample; a second dispensing section
for dispensing a platelet activator; a mixing section for mix-
ing the measurement sample that contains a sample dispensed
by the first dispensing section and a reagent dispensed by the
second dispensing section; a control section for controlling
the mixing section so as to mix the measurement sample at a
first speed, and mix the measurement sample at a second
speed that is greater than the first speed after mixing at the first
speed; an optical information obtaining section for obtaining
optical information from the measurement sample while the
mixing section is mixing the measurement sample at the
second speed; and an analyzing section for analyzing aggre-
gation of platelets in the sample based on the optical infor-
mation.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective view showing the general structure
of'an embodiment of the blood analyzer of the present inven-
tion;

FIG. 2 is a top view corresponding to FIG. 1;

FIG. 3 is a block diagram showing the overall structure of
the blood analyzer of FIG. 1;

FIG. 4 is a top view of the measuring section of the blood
analyzer of FIG. 1;

FIG. 5 is a cross section view of the measurement section
insertion hole shown in FIG. 4;

FIG. 6 is a cross section view of the measurement section
insertion hole shown in FIG. 4;

FIG. 7 is a block diagram illustrating the data flow in the
measurement operation of the blood analyzer of FIG. 1;

FIG. 8 is a block diagram showing the control device of the
blood analyzer of FIG. 1;

FIG. 9 is a flow chart illustrating the measurement process
using the platelet aggregation method of the blood analyzer of
FIG. 1,

FIG. 10 is a graph showing the change in the degree of light
absorbance when measurement is performed in two-stage
mixing;

FIG. 11 is a graph showing the change in the degree of light
absorbance when measurement is performed in single stage
mixing;

FIG. 12 is aline graph showing the measurement results of
comparative experiments in which the rotation speed is
changed in mixing prior to the reaction; and
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FIG. 13 is a broken line graph showing the measurement
results of comparative experiments in which the mixing time
is changed in mixing prior to the reaction.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The preferred embodiments of the present invention will be
described hereinafter with reference to the drawings.

The general structure of a blood analyzer 1 of an embodi-
ment of the present invention is described below with refer-
ence to FIGS. 1 through 8.

The blood analyzer 1 of the present embodiment optically
measures and analyzes the amount and degree of activity of
specific substances relating to blood coagulation and fibrin-
olytic function, and uses blood plasma as a blood sample. The
blood analyzer 1 of the present embodiment measures the
blood sample coagulation time by optically measuring the
blood sample using a coagulation time method, synthetic
substrate method, immunoturbidity method, and platelet
aggregation method.

The blood analyzer 1 is configured by a detection device 2,
a transporting device 3 which is arranged on the front side of
the detection device 2, and a control device 4 which is elec-
trically connected to the detection device 2, as shown in FIGS.
1 through 3. The detection device 2 and the transporting
device 3 are controlled by a controller 5 which is provided
within the detection device 2 (refer to FIG. 2).

The transporting device 3 has the function of transporting
arack 201 holding a plurality of test tubes 200 (ten tubes in the
present embodiment) that contain blood samples to an aspi-
ration position 2a (refer to FIG. 2) of the detection device 2 so
as to supply the blood samples to the detection device 2. The
transporting device 3 has arack receiving region 3a where the
racks 201 are placed which hold test tubes 200 that contain
unprocessed blood samples, and a rack storage region 3b
where the racks 201 are stored which hold test tubes 201 that
contain processed blood samples.

The detection device 2 is configured so as to be capable of
obtaining optical information relating to a supplied blood
sample by optically measuring a blood sample supplied from
the transporting device 3. In the present embodiment, optical
measurements are performed on blood samples which have
been dispensed from a test tube 200 held in the rack 201 of the
transporting device 3 into a cuvette 250 (refer to FIG. 1) of the
detection device 2. As shown in FIGS. 1 through 3, the detec-
tion device 2 is provided with a cuvette supplying device 10,
a rotation device 20, a sample dispensing arm 30, a lamp unit
40, a reagent dispensing arm 50, a cuvette transporting sec-
tion 60, a measuring section 70, an urgent sample receiving
section 80, and a fluid section 90.

The cuvette supplying device 10 is configured so as to be
capable of sequentially supplying a plurality of cuvettes 250,
which have been randomly loaded in the device by a user, to
the rotation device 20 when performing measurements using
the coagulation time method, synthetic substrate method, or
immunoturbidity method. As shown in FIGS. 1 and 2, the
cuvette supplying device 10 includes hopper 11 into which a
user loads the cuvettes 250, and a catcher 13 which receives
the cuvettes that drop from the hopper 11 via guide plates 12
and supplies the cuvettes 250 to the rotation device 20.

As shown in FIG. 2, the detection device 2 is provided with
adisposal hole 14 which is used to discard the cuvette 250 and
which is disposed at a predetermined distance from the
catcher 13, and a disposal box 15 which is arranged below the
disposal hole 14. The catcher 13 can remove the cuvette 250
from a cuvette transporting table 23 of the rotation device 20
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and discard the cuvette 250 through the disposal hole 14 into
the disposal box 15. That is, the catcher 13 is used to both
supply and discard the cuvettes 250.

The rotation device 20 is provided to transport, in a rotary
direction, the cuvettes 250, which are received from the
cuvette supplying device 10, and the reagent containers (not
shown in the drawing, which contained reagent used cause
coagulation of the blood sample. As shown in FIG. 2, the
rotation device 20 is configured by a circular reagent table 21,
an annular shaped reagent table 22 which is disposed on the
outer side of the circular reagent table 21, and an annular
shaped cuvette transporting table 23 which is disposed on the
outer side of the annular reagent table 22. The cuvette trans-
porting table 23, and the reagent tables 21 and 22 are rotatable
in both clockwise and counterclockwise directions, and the
tables are mutually and independently rotatable.

As shown in FIG. 2, the reagent tables 21 and 22 respec-
tively include a plurality of holes 21a and 22a which are
provided at predetermined spacing along the circumferential
direction. The holes 21a and 224 of the reagent tables 21 and
22 are provided to load a plurality of reagent containers (not
shown in the drawings) that hold reagent for coagulating the
blood specimen. The cuvette transporting table 23 includes a
plurality of cylindrical holders 23a which are provided at
predetermined spacing along the circumferential direction.
The holder 23a is provided to hold a cuvette 250 which has
been supplied from the cuvette supplying device 10. In the
case of measurements by the platelet aggregation method in
the present embodiment, a cuvette 251 which internally
accommodates a mixing element 300 (refer to FIG. 6) can be
manually placed by a user into the holder 23a of the cuvette
transporting table 23. In the present embodiment the cuvette
251 is approximately cylindrical in shape and measures 6 mm
in internal diameter and 29.8 mm in height, and the mixing
element 300 is a round rod measuring 1.2 mm in diameter.

The sample dispensing arm 30 dispenses a blood sample,
which is contained in a test tube 200 accommodated in a rack
201 loaded in the transporting device 3, into the cuvettes 250
and 251 which are held by the holder 23a of the cuvette
transporting table 23.

The sample dispensing arm 30 has the function of aspirat-
ing a blood sample contained in a test tube 200 which has
been transported to the aspirating position 2a by the trans-
porting device 3, and dispensing the aspirated blood sample
into a cuvette 250 which has been transported on the rotation
device 20, or into a cuvette 251 which accommodates a mix-
ing element 300 and is placed in the rotation device 20.

As shown in FIG. 2, the lamp unit 40 includes a 21-fiber
beam splitter optical fiber 41, and has the function of supply-
ing the light used in the optical measurements performed by
the measuring section 70. The leading end of the 21-fiber
beam splitter optical fiber 41 is connected to the measuring
section 70, and conducts the light emitted from the lamp unit
40 to the measuring sample within the cuvettes 250 and 251
placed in the measuring section 70, as shown in FIG. 2.
Specifically, the 21-fiber beam splitter optical fiber 41 is
arranged so as to supply light from the side surfaces of sixteen
insertion holes 71a (described later), four insertion holes 715,
and one reference light measuring hole 71¢ of the measuring
section 70 to the cuvettes 250 and 251, as shown in FIG. 4.

As shown in FIGS. 1 and 2, the reagent dispensing arm 50
is provided to mix the reagent with the blood sample in the
cuvette 250 or the cuvette 251 by dispensing a reagent, which
is contained in a reagent container (not shown in the drawing)
loaded in the rotation device 20, into a cuvette 250 or a cuvette
251 which is also loaded in the rotation device 20. A mea-
surement sample is prepared by adding a reagent to a blood
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sample. The cuvette transporting section 60 is provided to
move the cuvette 250 of the cuvette 251 between the rotation
device 20 and the measuring section 70.

The measuring section 70 is provided to receive light over
time from the measurement sample which is irradiated by
light from the lamp unit 40, and obtain the time course optical
information.

The measuring section 70 is configured by a cuvette loader
71, and a sensor 72 which is disposed below the cuvette loader
71, as shown in FIG. 2. The cuvette loader 71 is provided with
sixteen insertion holes 7la into which cuvettes 250 or
cuvettes 251 are inserted, four insertion holes 715 into which
cuvettes 251 are inserted, and a single reference light mea-
suring hole 71¢ which is used to measure a reference light and
into which a cuvette 250 or cuvette 251 is not inserted, as
shown in FIG. 4. As shown in FIG. 2, the cuvette loader 71 is
provided with a heater 714 to heat, to a predetermined tem-
perature, the cuvettes 250 or a cuvettes 251 which have been
inserted into the insertion holes 71a and 715.

As shown in FIG. 5, a cuvette 250 which contains a mea-
surement sample is inserted into the insertion hole 71a or 715
when measurements are performed using the coagulation
time method, the synthetic substrate method, and the immu-
noturbidity method. When measurements are performed
using the platelet aggregation method, a cuvette 251 which
contains a measurement sample and a mixing element 300 is
inserted into an insertion hole 715, as shown in FIG. 6.

The sensor 72 of the measuring section 70 is configured so
as to be capable of optically measuring, under a plurality of
conditions, the measurement sample within a cuvette 250 or
a cuvette 251 which has been inserted into an insertion hole
71a or 71b. The sensor 72 is provided with a collimator lens
72a, a photoelectric conversion element 725, and a preamp
72¢ which correspond to each insertion hole 71a or 715 into
which a cuvette 250 can be inserted, as shown in FIGS. 4
through 6. As shown in FIG. 4, a reference light collimator
lens 72d, a reference light photoelectric conversion element
72e, and a reference light preamp 72¢ are provided for the
reference light measuring hole 71c.

As shown in FIG. 6, a rotating member 72g which is
configured by a magnet, and a motor 72/ which rotates the
rotating member 72g are provided in the bottom part of the
insertion hole 715. When measurements are performed using
the platelet aggregation method and a cuvette 251 accommo-
dating a mixing element 300 is inserted in an insertion hole
71b, the rotating member 72g is rotated by the drive of the
motor 72/. The measurement sample can be mixed during the
measurement by rotating the mixing element 300 in conjunc-
tion with the rotation of the rotating member 72g. This con-
figuration makes it possible for the blood analyzer 1 of the
present embodiment to perform measurements by the platelet
aggregation method.

The reference light measuring hole 71c¢ is provided to
monitor the characteristics of the light emitted from the beam
splitter optical fiber 41. Specifically, the characteristics, such
as fluctuation and the like, originating in a halogen lamp (not
shown in the drawing) used as the light source of the lamp unit
40, are detected as electrical signals when the light emitted
from the bream splitter optical fiber 41 is received by the
reference light photoelectric conversion element 72e¢ of a
direct sensor 72. The signals corresponding to the transmis-
sion light of the measurement sample are corrected by sub-
tracting the characteristics (electrical signals) of the detected
light from the signals corresponding to the transmission light
of'the measurement sample within the cuvette 250 inserted in
the insertion hole 71a or 715. Small differences in light char-
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6

acteristics that may occur in each measurement of the optical
information can therefore be suppressed.

As shown in FIGS. 4 and 5, the collimator lens 72a is
disposed between the terminus of the beam splitter optical
fiber 41, which guides the light emitted from the lamp unit 40
(refer to FIG. 1), and the corresponding insertion hole 71a.
The collimator lens 72a is provided to make parallel rays of
the light emitted from the beam splitter optical fiber 41. The
photoelectric conversion element 725 is mounted on the sur-
face on the insertion hole 71a side of a base plate 73 so as to
face the terminus of the beam splitter optical fiber 41, with the
insertion hole 71a disposed therebetween. The preamp 72¢ is
mounted on the surface on the opposite side from the insertion
hole 71a of the base plate 73. The photoelectric conversion
element 725 has the function of detecting the light transmitted
through the measurement sample (hereinafter referred to as
“transmission light””) when light irradiates the measurement
sample within a cuvette 250 inserted in the insertion hole 714,
and the function of outputting an electrical signal (analog
signal) which corresponds to the detected transmission light.
The preamp 72¢ of the sensor 72 is provided to amplify the
electrical signals (analog signals) from the photoelectric con-
version element 725.

A reference light collimator lens 724, a reference light
photoelectric conversion element 72¢, and a reference light
preamp 72f provided in the sensor 72, which corresponds to
the reference light measuring hole 71¢, have the same con-
figuration as the collimator lens 72a, photoelectric conver-
sion element 725, and the preamp 72¢ provided in the sensor
72 which corresponds to the insertion hole 71a. As shown in
FIG. 7, the reference light photoelectric conversion element
72e is configured to directly receive the light emitted from the
beam splitter optical fiber 41 after the light has been trans-
mitted through the reference light collimator lens 724. That s,
the reference light photoelectric conversion element 72e is
configured to detect the emitted reference light that does not
pass through the cuvette 250 or the cuvette 251 which con-
tains a measurement sample, and output an electrical signal
(analog signal) which corresponds to the detected reference
light.

The controller 5 is disposed below the measuring section
70. The controller 5 is configured by a CPU, a ROM, a RAM
and the like, and has the functions of controlling the operation
of the detection device 2 and transporting device 3 and the
like, and processing and storing the optical information (elec-
trical signals) output from the measuring section 70, as shown
in FIGS. 3 and 7. In the present embodiment, the controller 5
controls the rotation speed and the rotation time of the motor
72h (refer to FIG. 6) of the measuring section 70 during
measurements by the platelet aggregation method. Specifi-
cally, the controller 5 is capable of controlling the rotation of
the motor 72/ at a first rotation speed which rotates the
mixing element 300 at approximately 400 rpm, and at a
second rotation speed which rotates the mixing element 300
at approximately 900 rpm.

The controller 5 has a temperature controller (not shown in
the drawing) to control the temperature of the heater 714
(referto FIG. 2) of the measuring section 70. The temperature
controller is configured to control the temperature of the
heater 72d of the measuring section 70 in accordance with a
set temperature (approximately 37 degrees) input from the
control device 4.

The urgent sample receiving section 80 is provided to
perform a sample analysis process of a blood sample requir-
ing urgent handling, as shown in FIGS. 1 and 2. The urgent
sample receiving section 80 is configured so as to allow an
urgent sample to interrupt an on-going sample analysis pro-
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cess of a sample supplied from the transporting device 3. The
fluid section 90 is provided to supply a liquid such as a
washing liquid to a nozzle provided in each dispensing arm
when the shutdown process is executed in the blood analyzer
1.

The control device 4 (refer to FIG. 1) is configured by a
personal computer (PC) or the like, and includes a controller
4a configured by a CPU, a ROM, a RAM and the like, a
display unit 45, and a keyboard 4c¢. The display unit 45 is
provided to display the analysis results (change in light absor-
bance over time, von Willebrand factor activity) obtained by
analyzing the digital signal data transmitted from the measur-
ing section 70.

The structure of the control device 4 is described below.
The control device 4 is a computer 401 mainly configured by
the controller 4a, the display unit 45, and the keyboard 4c, as
shown in FIG. 8. The controller 44 is mainly configured by a
CPU 401a, ROM 4015, RAM 401c, hard disk 4014, reading
device 401e, input/output (1/0) device 401, communication
interface 401g, and image output interface 401/. The CPU
401a, ROM 4015, RAM 401c¢, hard disk 4014, reading device
401e, 1/O interface 4017, communication interface 401g, and
image output interface 401/ are connected by a bus 401;.

The CPU 401aq is capable of executing computer programs
stored in the ROM 4015, and computer programs loaded in
the RAM 401c¢. The computer 401 functions as the control
device 4 when the CPU 4014 executes an application program
404a which is described later.

The ROM 4015 is configured by a mask ROM, PROM,
EPROM, EEPROM or the like, and stores computer programs
executed by the CPU 401a and data and the like used in
conjunction therewith.

The RAM 401c¢ is configured by SRAM, DRAM or the
like. The RAM 401c¢ is used when reading the computer
program recorded in the ROM 4015 and on the hard drive
401d. The RAM 401c is also used as a work area of the CPU
401a when the computer program is being executed.

The hard drive 401d contains various installed computer
programs to be executed by the CPU 4014 such as an oper-
ating system and application program and the like, as well as
data used in the execution of these computer programs. Also
installed on the hard disk 4014 is the application program
404a used for platelet coagulation measurement of the
present embodiment.

The reading device 401e is configured by a floppy disk
drive, CD-ROM drive, DVD-ROM drive or the like, and is
capable of reading the computer programs and data stored on
a portable recording medium 404. The portable recording
medium 404 stores the platelet aggregation measurement
application program 404q, and the application 404q is read
from the portable recording medium 404 by the computer
401, which installs the application program 4044 on the hard
disk 4014.

The application program 404a is not only provided the
portable recording medium 404 inasmuch as the application
program 4044 may also be provided from an external device
which is connected to the computer 401 over an electric
communication line so as to be capable of communication by
this electric communication line (whether wire line or wire-
less). For example, when the application program 404aq is
stored on the hard disk of a server computer on the Internet,
the computer 401 accesses the server computer and down-
loads the application program 404, which is then installed on
the hard disk 4014.

An operating system which provides a graphical user inter-
face, such as Windows (registered trademark) or the like, a
product of Microsoft Corporation, USA, is installed on the
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hard disk 401d. The application program 404a of the present
embodiment operates on this operating system in the follow-
ing description.

The I/O interface 401/ is configured, for example, by a
serial interface such as a USB, IEEE1394, RS232C or the
like, a parallel interface such as SCSI, IDE, IEEE1284 or the
like, and an analog interface such as a D/A converter, A/D
converter or the like. The keyboard 4c¢ is connected to the [/O
interface 401f, so that a user can input data in the computer
401 using the keyboard 4c.

The communication interface 401g is, for example, an
Ethernet (registered trademark) interface. The computer 401
can send and receive data to and from the controller 5 of the
measuring device 2 via the communication interface 401g
using a predetermined communication protocol.

The image output interface 401/ is connected to the display
unit 45 which is configured by an LCD, CRT or the like, so
that image signals corresponding to the image data received
from the CPU 401a can be output to the display unit 45. The
display unit 45 displays images (screens) in accordance with
the input image signals.

The platelet aggregation measurement application pro-
gram 404a, which is installed on the hard disk 4014 of the
controller 4a, measures the change in light absorbance over
time of the measurement sample using the measurement
sample transmission light amount (digital signal data) sent
from the controller 5. The von Willebrand factor activity can
be obtained based on the maximum change in light absor-
bance over time.

FIG. 9 is a flow chart illustrating the measurement opera-
tion of the platelet aggregation method used by the blood
analyzer 1 of the present embodiment. The measurement
operation of the platelet aggregation method used by the
blood analyzer 1 is described below referring to FIG. 2 and
FIGS. 6 through 9. In the following description, the measure-
ment pertains to the von Willebrand ristocetin cofactor (von
Willebrand factor activity in blood plasma).

In the measurement operation of the blood analyzer 1, the
blood analyzer 1 is first initialized in step S1 of FIG. 9. That
is, the control device 4 and the apparatus body are started
when the user turns ON the power sources of the control
device 4 and the apparatus body (detection device 2 and
transporting device 3). When the power sources are turned
ON, the software stored in the controller 4a is initialized. In
the apparatus body, the programs stored in the controller 5 are
initialized. Thereafter, a process is executed to receive sample
analysis information input by the user. That is, the user inputs
information such as sample numbers and measurement items
in a sample analysis list output to the display unit 45 using the
keyboard 4c¢ of the control device 4 (refer to FIG. 1). The
sample analysis information is then saved in the controller 4.
When measurements are performed by the platelet aggrega-
tion method, the user places a cuvette 251 which contains a
mixing element 300 (refer to FIG. 6) on the cuvette transport-
ing table 23 of the rotation device 20. The user then instructs
the control device 4 to start the measurement. A measurement
start signal is sent from the controller 4a of the control device
4 to the controller 5 of the apparatus body when the user
instructs the control device 4 to start the measurement.

The controller 5 of the apparatus body determines whether
ornot ameasurement start signal has been received in step S2.
This determination is repeated when a measurement start
signal has not been received. When the measurement start
signal is received, the apparatus body (detection device 2 and
transporting device 3) starts the analysis process.

In the measurement operation, the transporting device 3
first moves the rack 201, into which the test tube 200 contain-
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ing the blood samples, has been loaded, to the aspiration
position 2a of the detection device 2 in step S3. Then in step
S4 the sample dispensing arm 40 aspirates the sample from
the test tube, and dispenses the aspirated sample into a cuvette
251 which has been placed on the cuvette transporting table
23. The sample is plasma obtained by centrifuging the blood
cells (red blood cells, white blood cells, and platelets) from
the blood. The cuvette 251 into which the sample has been
dispensed is moved to the heater 714 (refer to FIG. 2) by the
cuvette transporting section 60, and is heated to a predeter-
mined temperature by the heater 714.

In step S5 reagent the reagent dispensing arm 50 aspirates
reagent from the reagent table 21 or 22. This reagent contains
ristocetin as an activator to immobilize the platelets. At this
time the reagent is heated to a predetermined temperature by
the pipette part (not shown in the drawing) of the reagent
dispensing arm 50 which has a heating function. The cuvette
251 which has been heated by the heater 71d is held by the
cuvette transporting section 60, and while in this held state the
heated reagent is dispensed into the cuvette 251 by the reagent
dispensing arm 50. A measurement sample is thus prepared
from a sample and a reagent. At this time the measurement
sample containing the sample and the reagent is not in a
uniformly mixed condition.

In step S6 the cuvette 251 which contains the measurement
sample and the mixing element 300 is moved to the measur-
ing section 70, and inserted into the insertion hole 715 under
which are disposed the magnet rotating member 72g and the
motor 72/ to rotate the rotating member 72g, as shown in
FIG. 6.

In step S7 a clock is started for the insertion hole 715 into
which the cuvette 251 has been inserted. That is, the time is
counted from the insertion of the cuvette 251 into the inser-
tion hole 715. Light from the beam splitter optical fiber 41
irradiates the measurement sample in the cuvette 251 placed
into the insertion hole 715, and the transmission light passing
through the measurement sample is received by the photo-
electric conversion element 7256 which converts the light to
electrical signals.

In step S8 the rotating member 72g is rotated at a prede-
termined speed by driving the motor 72/%. Thus, the mixing
element 300 contained in the cuvette 251 is rotated at a first
rotation speed (approximately 400 rpm in the present
embodiment). The measurement sample composed of the
sample and the reagent is agitated so as to be essentially
uniformly mixed by the rotation of the mixing element 300. A
shear stress which promotes platelet aggregation is not sub-
stantially generated at a rotation speed of approximately 400
rpm so that a reaction between the reagent and the sample is
not promoted. In step S9 a determination is made as to
whether or not a predetermined first time (approximately 15
seconds in the present embodiment) has elapsed since the
clock started. The process moves to step S8 when the first
time has not elapsed. Thereafter, the measurement sample is
mixed by rotating the mixing element 300 at a first speed
(approximately 400 rpm) until the first time has elapsed.

When the first time has elapsed, the mixing element 300 is
rotated at a second speed (approximately 900 rpm in the
present embodiment) in step S10. The measurement sample is
strongly mixed and a shearing stress which promotes platelet
aggregation is exerted on the platelets in the measurement
sample when the mixing element 300 is rotated at approxi-
mately 900 rpm. A reaction is promoted between the reagent
and the sample by this shearing stress. In step S11 measure-
ment data (light absorbance) are sequentially transmitted in
real time from the controller 5 of the apparatus body to the
controller 4a of the control device 4 while the mixing element
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300 is rotating at the second speed. In step S12 a determina-
tion is made as to whether or not a second time (100 seconds
in the present embodiment) has elapsed sine the clock started.
The process moves to step S10 when the second time has not
elapsed. Thereafter, the measurement sample is mixed by
rotating the mixing element 300 at the second speed (approxi-
mately 900 rpm) and the measurement data (light absor-
bance) of step S11 are transmitted until the second time has
elapsed.

The controller 4a of the control device 4 analyzes the
measurement data (light absorbance time series data)
received from the controller 5 of the apparatus body. Specifi-
cally, the change over time of the maximum absorbance is
determined by calculating time differential of the light absor-
bance time series data. The von Willebrand factor activity is
obtained from the change over time of the maximum absor-
bance. The measurement sample analysis results (in the
present embodiment, graph of the change in absorbance, the
von Willebrand factor activity and the like) are output to the
display unit 4b. The process moves to step S13 when the
second time has elapsed in step S12.

A determination is made in step S13 as to whether or not
the measurement of all samples has been completed. That is,
a determination is made as to whether or not measurements
have been completed for all samples specified for measure-
ment by the platelet aggregation method based on the sample
analysis information input by the user in step S2. When mea-
surement of all sample has not been completed, the process
returns to step S3 and the measurement process of steps S3
through S12 are performed. When measurement of all
samples has been completed, the process advances to step
S14.

After measurements have ended, the user issues a device
shutdown instruction for the control device 4. When the user
issues a shutdown instruction, a shutdown signal is sent to the
controller 4a of the control device 4. The controller 4a of the
control device 4 determines whether or not a shutdown signal
has been received from the user in step S14. When a shutdown
signal has not been received, the process moves to step S2 and
the processes of steps S2 through S13 are performed.

When the shutdown signal has been received, the shutdown
process is executed in step S15. The shutdown process auto-
matically turns OFF the power supply of the blood analyzer 1
to end the operation of the blood analyzer 1.

The effectiveness of the two-stage mixing operation is
described below. FIG. 10 is a graph showing the measurement
results of light absorbance measured by mixing to make the
measurement sample uniform (hereinafter “pre-reaction mix-
ing”), and mixing to promote a reaction between the sample
and the reagent (hereinafter “reaction promotion mixing”) in
the blood analyzer 1 of the present embodiment. FIG.11isa
graph showing the measurement results of light absorbance
measured by single-stage mixing using only the reaction pro-
motion mixing in the blood analyzer 1 of the present embodi-
ment.

FIG. 10 shows the change over time of light absorbance
when the pre-reaction mixing is performed for approximately
15 seconds at a mixing element rotation speed of approxi-
mately 400 rpm, and thereafter the reaction promotion mixing
is performed at a rotating element rotation speed of approxi-
mately 900 rpm (example 1). In example 1, light absorbance
decreases smoothly during the seconds of pre-reaction mix-
ing, and there is thought to be essentially no platelet aggre-
gation occurring. The sample and reagent are also rendered
substantially uniform in the 15 seconds of pre-reaction mix-
ing. There is a large change over time of light absorbance after
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the reaction promotion mixing starts, and a reaction between
the sample and the reagent is thought to be promoted.

FIG. 11 shows the change over time of the light absorbance
in the case of single stage mixing from the beginning at a
mixing element rotation speed of approximately 900 rpm
(that is, a rotation speed of approximately 900 rpm during
both pre-reaction mixing and reaction promotion mixing)
(comparative example 1). In comparative example 1, the
change over time (slope) of the light absorbance increases
from the start and it is thought that a platelet aggregation
reaction occurs because the sample and reagent are not ren-
dered uniform, as shown in FIG. 11.

Comparative examples determining the rotation speed of
the mixing element during pre-reaction mixing are described
below. The comparative examples are described in terms of
measuring vWF (von Willebrand factor) ristocetin cofactor
activity. The measurement samples used in these measure-
ments are prepared using sample from plasma which contains
vWF factor removed from blood cells, and reagent which
contains immobilized platelets and ristocetin. The change in
light absorbance is monitored photometric measurement
while mixing the measurement sample. The vWF activity (%)
is calculated based on the change in light absorbance. The
vWF activity is designated a normal value when the value is
501to 150% of a standard value, designated a low value when
less than 50%, and designated a high value when greater than
150%.

The test conditions of the comparative examples include
the cuvette and mixing element have the same size and shape
as in the previously described embodiment, and the amounts
of'the sample, dilution liquid, and reagent are 10 pl, 30 ul, and
150 pl, respectively.

In the comparative examples; samples of known activity
(activity of 0%, 8.7%, and 17.4%) were measured when the
rotation speed of the mixing element during pre-reaction
mixing is approximately 900 rpm (comparative example 1),
approximately 400 rpm (example 1), and approximately 150
rpm (example 2), and the results are plotted in the graphs
shown in FIGS. 10 and 11. The maximum slope (maximum
light absorbance change rate) in the graph was calculated
from the respective graphs of the measurement results using
a predetermined algorithm. The process was conducted sev-
eral times and the average value of the determined slope (light
absorbance change rate) was calculated. The calculated
results are shown in Table 1 below.

TABLE 1
Sensitivity
Pre- (absorbance
reaction change
mixing vWF (%) rate)
speed 0 8.7 17.4 17.4-0%
900 rpm 0.043 0.037 0.045 0.002
400 rpm 0.007 0.016 0.031 0.024
150 rpm 0.009 0.013 0.021 0.012

As shown in Table 1, the measured values (absorbance
change rate) when the activity was 0%, 8.7%, and 17.4% and
the rotation speed of the mixing element was approximately
900 rpm during pre-reaction mixing were 0.043, 0.037, and
0.045, respectively. The measured values when the activity
was 0%, 8.7%, and 17.4% and the rotation speed of the
mixing element was approximately 400 rpm during pre-reac-
tion mixing were 0.007, 0.016, and 0.031, respectively. The
measured values when the activity was 0%, 8.7%, and 17.4%
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and the rotation speed of the mixing element was approxi-
mately 150 rpm during pre-reaction mixing were 0.009,
0.013, and 0.021, respectively. These values are plotted on the
horizontal axis and the vertical axis as the activity and light
absorbance change rate on a broken line graph shown in FIG.
12.

As can be understood from FIG. 12, the measurement
results were unstable in comparative example 1 in which only
reaction promotion mixing was performed because the light
absorbance change rate did not exhibit a monotonic increase
relative to the activity. The reasons for this are considered
below. In the comparative example, local reaction proceed
because the reaction starts while the reagent and the sample of
the measurement sample are in a non-uniform state. The
reaction proceeds locally when the mixing starts since there is
little activated vWF in the sample when the activity has a
particularly low value, and there is a marked difference in the
amount of reaction between a localized reaction of activated
vWF and a reaction with scant reaction progress. Therefore,
the shape (change over time of the absorbance) of the graph
shown in FIG. 11 fluctuates at each measurement even when
the same sample is measured several times, so that the mea-
surement results which represent the degree of vWF activity
calculated from the graph shape are unstable.

The measurement results were stable in the firstand second
examples which used two-stage mixing that included pre-
reaction mixing and reaction promotion mixing because the
light absorbance change rate did exhibit a monotonic increase
relative to the activity. The reasons for this are considered
below. In the first and second examples, the reagent and the
sample are thought to have been rendered essentially uniform
at the start of the reaction promotion mixing due to the pre-
reaction mixing during which there was essentially no reac-
tion induced between the reagent and the sample before the
reaction promotion mixing. Therefore, a reaction correspond-
ing to the amount of activity occurred since the reaction had
completely progressed even though the vWF activity in the
sample was low. For this reason the measurement results
calculated from the graph shape are thought to be stable since
there was little fluctuation of the graph shape between mea-
surements in FIG. 12 even when the same sample was mea-
sured several times.

In the experimental results above, the difference between
the measured value at 0% activity, and the measured value at
17.4% activity was calculated for the comparative example 1,
and the first and second examples in order to evaluate the
measurement sensitivity in the comparative example 1, and
the first and second examples. The calculated results are
shown in Table 1. The calculated results of the comparative
example 1, and the first and second examples are 0.002,
0.024, and 0.012, respectively. It is clear from these results
that the sensitivity is higher in the first and second examples
in which two-stage mixing that included pre-reaction mixing
and reaction promotion mixing was performed compared to
the comparative example 1 in which only the reaction promo-
tion mixing was performed. It is further clear that example 1
in which pre-reaction mixing was performed at approxi-
mately 400 rpm has higher sensitivity than the example 2 in
which pre-reaction mixing was performed at 150 rpm.

Experiments determining the mixing time of the pre-reac-
tion mixing are described below. The mixing time must be
optimized because the reagent and sample are rendered insuf-
ficiently uniform when the pre-reaction mixing time is short
when measuring a high value vWF sample, and the reaction
between the reagent and the sample progressed gradually
when the pre-reaction mixing time was long. This experiment
was conducted as follows. Samples of known high activity
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(activity of 178%) and samples of normal value (vVWF 89%)
were measured when the mixing time during pre-reaction
mixing were measured by changing the mixing time of the
pre-reaction mixing (5, 10, 15, 20, and 40 seconds) with a
pre-reaction mixing speed of approximately 400 rpm which
exhibited an optimum low sensitivity. Each measurement was
performed ten times and the average value of the measure-
ment results was calculated. The difference was calculated
between the measurement results of high value samples and
the measurement results of low value samples to verify the
sensitivity of the measurement of high value samples. These
measurement results are shown in Table 2 below.

TABLE 2

Mixing time (seconds)

VWF (%) 5 10 15 20 40
178% 0417 0453 0459 0435 0.282
89% 0135 0229 0262 0285 0.284
178 -89% 0282 0224 0197 0.5 ~0.002

As shown in Table 2, the high value sample measurement
results (average value of ten measurements) were 0.417,
0.453, 0.459, 0.435, and 0.282 when the pre-reacting mixing
time was 5, 10, 15, 20, and 40 seconds, respectively. The
normal value measurement results (average value of ten mea-
surements) were 0.135, 0.229, 0.262, 0.285, and 0.284 when
the pre-reaction mixing time was 5, 10, 15, 20, and 40 sec-
onds, respectively. The difference between the high value and
normal value measurement results was 0.282, 0.224, 0.197,
0.150, and —-0.002 when the pre-reaction mixing time was 5,
10, 15, 20, and 40 seconds, respectively. The measurement
results are plotted on the broken line graph shown in FIG. 12
with the pre-reaction mixing time and absorbance change rate
plotted on the horizontal axis and vertical axis, respectively.
FIG. 13 shows the range of the ten measurement results.

As shown in Table 2 and FIG. 13, the difference between
the high value and low value measurement results exhibited a
monotonic decrease as the pre-reaction mixing time
increased. That is, the high value sensitivity increased as the
mixing time decreased. The normal value measurement
results show relatively slight reaction when the mixing time
was 5 and 10 seconds, and relatively great reaction when the
mixing time was 15 to 40 seconds. From these results it is
thought that a pre-reaction mixing time of 15 or 20 seconds is
suitable to produce sufficient reaction in normal value
sample.

The reproducibility of the measurement results was veri-
fied based on the measurement results of the normal value
samples. That is, the average value, standard deviation, and
fluctuation coefficient were calculated from the ten measure-
ment results using normal value (89%) samples and a mixing
time of 5 to 40 seconds. The calculated results are shown in

Table 3 below.
TABLE 3

vWF Mixing time (seconds
89% 5 10 15 20 40
Average 0.135 0.228 0.261 0.284 0.284
S.D. 0.019 0.020 0.010 0.011 0.023
Fluctuation 14% 9% 4% 4% 8%
coefficient

(%)
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As shown in Table 3, the standard deviation was 0.019,
0.020,0.010,0.011, and 0.023 at pre-reaction mixing times of
5, 10, 15, 20, and 40 seconds, respectively. The fluctuation
coefficients were 14%, 9%, 4%, 4%, and 8% at pre-reaction
mixing times of 5, 10, 15, 20, and 40 seconds, respectively.
From the perspective of reproducibility therefore, it is
thought that a pre-reaction mixing time of 15 seconds is
optimum since the minimum values of the standard deviation
and fluctuation coefficient, which represent the least data
dispersion, occur when the pre-reaction mixing time is 15
seconds.

In the embodiment and examples described above, stable
measurement results were obtained by obtaining optical
information from measurement samples while the measure-
ment sample was mixed at a rotation speed of approximately
900 rpm after the measurement sample had been mixed at a
rotation speed of approximately 400 rpm under the experi-
mental conditions (cuvette and mixing element size and
shape, amounts of reagent and sample and the like) described
previously.

The embodiment and examples of the present disclosure
are examples in all aspects and are not to be construed as
limiting. The scope of the present invention is represented in
the scope of the claims and not in the description of the
embodiment and examples, and may be variously modified
insofar as such modifications remain within the scope and
meaning and equivalences of the claims.

For example, although the embodiment and examples have
been described by way of examples of measuring von Will-
ebrand factor ristocetin cofactor using von Willebrand
reagent which contains ristocetin and immobilized platelets
as a reagent and using plasma as a sample, the present inven-
tion is not limited to this arrangement inasmuch as platelet
aggregation may also be measured using plasma which con-
tains platelets as a sample, and using reagent which contains
collagen, ADP (adenosine diphosphate), epinephrine, or
arachidonic acid as the reagent.

Although the embodiment and examples have been
described by way of example using a pre-reaction mixing
time of 15 seconds and a pre-reaction mixing speed of 400
rpm, the present invention is not limited to this arrangement
inasmuch as these values are values pertaining to the specific
measurement conditions (measurement item, cuvette and
mixing element shape and size, amounts of reagent and
sample and the like) described in the embodiment and
examples, and the mixing time and rotation speed appropriate
for other experimental conditions must be determined for
those conditions.

Although the embodiment and examples have been
described in terms of mixing a measurement sample by rotat-
ing a mixing element 300, the present invention is not limited
to this arrangement inasmuch as mixing may be accom-
plished by vibrating or oscillating the cuvette to effect mix-
ing, mixing may be accomplished by ultrasound, and mixing
may be accomplished by pipetting. These mixing methods
may also be accomplished by two-stage mixing including a
pre-reaction mixing and a reaction promotion mixing to
obtain the effect of the present invention.

Although a user places a cuvette 251 which already con-
tains a mixing element 300 in the example of the embodi-
ment, the present invention is not limited to this arrangement
inasmuch as a device may also be provided to automatically
supply a mixing element to a cuvette which is also supplied
automatically.

Although platelet aggregation is evaluated by detecting
transmission light in the above embodiment and examples,
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the present invention is not limited to this arrangement inas-
much as platelet aggregation may also be evaluated by scat-
tered light.

Although two-stage mixing which include pre-reaction
mixing and reaction promotion mixing has been described in
the examples of the embodiment and examples, the present
invention is not limited to this arrangement inasmuch as the
reaction promotion mixing may be divided into two stages so
as to accomplish mixing in three stages.

Although pre-reaction mixing is accomplished as a con-
stant speed (approximately 400 rpm) in the examples of the
embodiment and examples, the present invention is not lim-
ited to this arrangement since the mixing speed need not be
constant insofar as the speed is such as does not produce a
reaction (aggregation) between the sample and the reagent.

What is claimed is:

1. A platelet aggregation measuring method comprising:

preparing a measurement sample by dispensing into a con-

tainer a sample and a reagent which includes a platelet
activator;
mixing the measurement sample in the container by rotat-
ing a mixing element in the container for a predeter-
mined time needed to substantially uniformly mix the
sample and the reagent at a first speed which essentially
does not produce platelet aggregation;
mixing the measurement sample in the container by rotat-
ing the mixing element in the container at a second speed
which promotes platelet aggregation and is greater than
the first speed after mixing the sample at the first speed;

obtaining optical information from the measurement
sample by irradiating the measurement sample in the
container and receiving light over time from the mea-
surement sample while mixing the measurement sample
at the second speed; and

analyzing aggregation of platelets in the sample based on

the optical information.

2. The platelet aggregation measuring method of claim 1,
wherein

the platelet activator comprises at least one selected from

the group consisting of ristocetin, collagen, ADP, epi-
nephrine, and arachidonic acid.

3. The platelet aggregation measuring method of claim 1,
further comprising a step of providing a container which
contains the mixing element,

wherein:

the mixing element comprises a magnet or a magnetic

material;

the step of mixing the measurement sample at the first

speed comprises a step of mixing the measurement
sample by rotating the mixing element at the first speed
by rotating a rotating member which comprises a mag-
net or a magnetic material provided in the outer part of
the container; and
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the step of mixing the measurement sample at the second
speed comprises a step of mixing the measurement
sample by rotating the mixing element at the second
speed by rotating the rotating member.

4. The platelet aggregation measuring method of claim 1,
wherein the second speed is double or more than double the
first speed.

5. The platelet aggregation measuring method of claim 1,
wherein the step of mixing the measurement sample at the
first speed, and the step of mixing the measurement sample at
the second speed are executed continuously.

6. The platelet aggregation measuring method of claim 1,
wherein the time during which the step of mixing the mea-
surement sample at the second speed is executed is longer
than the time during which the step of mixing the measure-
ment sample at the first speed is executed.

7. The platelet aggregation measuring method of claim 1,
wherein the step of analyzing the platelet aggregation com-
prises a step of obtaining a von Willebrand factor activity.

8. The platelet aggregation measuring method of claim 1,
wherein the first speed is a speed which essentially does not
generate shear stress on platelets in the measurement sample,
and the second speed is a speed which generates shear stress
on platelets in the measurement.

9. The platelet aggregation measuring method of claim 1,
wherein each step comprising the method is conducted auto-
matically on a blood analyzer.

10. A platelet aggregation measuring method comprising:

preparing a measurement sample by dispensing into a con-

tainer a sample and a reagent which includes a platelet
activator;

mixing the measurement sample in the container by rotat-
ing a mixing element in the container for a predeter-
mined time needed to substantially uniformly mix the
sample and the reagent at a first speed which essentially
does not generate shear stress on platelets in the mea-
surement sample;

mixing the measurement sample in the container by rotat-
ing the mixing element in the container at a second speed
which generates shear stress on platelets in the measure-
ment and is greater than the first speed after mixing the
sample at the first speed;

obtaining optical information from the measurement
sample by irradiating the measurement sample in the
container and receiving light over time form the mea-
surement sample while mixing the measurement sample
at the second speed; and

analyzing aggregation of platelets in the sample based on
the optical information.
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